Abstract: In Japanese larch (Larix kaempferi (Lamb.) Carr.) calli, free sterol (FS), acylsterol (AS) and glycosylsterol, including the acylated type, were found in the proportion of 1.0:0.1:0.8. When the calli were cultured in the presence of 10 mM mevalonic acid (MVA), the content of AS, but not FS and glycosylsterol, was increased remarkably. The major component sterol in each sterol lipid class was usually sitosterol (more than 90%) with campesterol as a minor one. There were no differences on the sterol compositions between the calli cultured with or without MVA. When the calli cultured with 10 mM MVA for 6 weeks were transferred to the control medium without exogenous MVA, AS contents decreased to the level of the control calli. Thus, it was shown that sterol lipids, such as FS and glycosylsterols, with the structural functions was maintained in the constant content and the excess sterol biosynthesized from exogenous MVA was esterified to form AS for storage of sterol components.
INTRODUCTION
As sterol lipids, free sterol (FS), acylsterol (AS), sterylglucoside (SG), and acylsterylglycoside (ASG) are wide spread in plants. AS, in addition to other sterol lipids, has been studied in various plant species 1) . The functions of AS have been discussed for the storage 2, 3) , the regulation of membrane permeability 4) , and the sterol biosynthesis [5] [6] [7] [8] [9] . However, the role of AS is not clearly elucidated. Dyas et al. 10) investigated the changes in abundance and composition of AS during the different growth phases of a cell suspension culture of celery (Apium graveolens). They found that the total amount of AS exceeded that of FS throughout the growth cycle. Moreover, Wilkinson et al. 11) reported the effects of exogenous mevalonic acid (MVA) on sterol and AS biosynthesis in the cell suspension culture of celery. They showed that the administration of the excess exogenous MVA caused the increase of AS, although there was little effect on the FS content or composition. However, studies on sterol composition and function of sterol lipids in gymnosperm tissues have not yet been enough carried out.
In the present study, we have analyzed the sterol composition in Japanese larch (Larix kaempferi (Lamb.) Carr.) calli and investigated the effects of contents of sterol lipids by administering exogenous MVA.
tures were carried out according to the procedure of Nishikoori 12) . The branches of Larix kaempferi were collected in Hokkaido Forestry Research Institute (Bibai, Hokkaido, Japan). Mature embryos were excised from the seeds and used for induction of the callus tissues. They were cultured in SH liquid media 13) supplemented 2.0 mg/L 6-benzylaminopurine by slanting rotary culture under condition of continuous light at 25 . The cultures were subcultured every three weeks. DL -MVA lactone (Sigma, St. Louis, MO, USA) was dissolved into distilled water and sterilized by filtration prior to addition to the medium. The concentrations of MVA added into the medium were 10 mM and 20 mM. Cell growth was evaluated by fresh weight.
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The total lipids were extracted from lyophilized Larix kaempferi callus tissues by homogenization in CHCl 3 -MeOH (2:1, v/v) and filtered. The homogenate was extracted with the same solvent three times. The combined extracts were washed according to the method of Folch et al. 14) to obtain total lipids. To determine total sterol contents, after the addition of cholesterol as an internal standard, the total lipids were degraded with 5% HCl in MeOH at 100 for 3 h. Component sterols liberated were extracted with diethyl ether and the extracts were then subjected to TLC on silica gel G with hexane-diethyl ether (80:30, v/v) to separate 4-desmethylsterols, which were analyzed by GC.
The total lipids were fractionated by Sep-Pak silica cartridge (Waters, Milford, MA, USA) developed in CHCl 3 (neutral lipids), acetone (glycolipids), and MeOH (phospholipids). To determine the neutral sterol composition and content, a part of the neutral lipids was separated into AS (Rf value: 0.85) and FS (Rf value: 0.17) by preparative TLC developed with hexane-diethyl ether-acetic acid (80:20:1, v/v). AS purified thus was hydrolyzed with 1N KOH in MeOH at 100 for 2 h. The released sterols were extracted and analyzed as described above. The glycolipid fraction was treated with 0.4N KOH in MeOH at 37 for 2 h to obtain the alkali-stable lipid fraction. SG (including ASG) (Rf value: 0.21) was isolated from the alkali-stable lipids by TLC developed with CHCl 3 -MeOH (95:15, v/v). SG was then degraded with 5% HCl in MeOH at 100 for 2 h. The released component sterols were extracted with diethyl ether and analyzed by GC.
3
4-Desmethylsterols were derivatized to TMS ethers with N, O-bis (trimethylsilyl) acetamide and then analyzed by gas chromatograph (GC-14A, Shimadzu Co., Kyoto, Japan) equipped with a hydrogen flame-ionization detector. The analysis was performed under following conditions: column, DB-1 (30 m 0.32 mm i.d., Agilent Technologies, Tokyo, Japan); column temperature, 250 ; injection and detector temperature, 270 .
RESULTS AND DISCUSSION

1
To examine the effects of MVA on growth of larch callus, we measured the fresh weight of callus cultured in the medium with or without MVA ( ). The growth of the tissues (fresh weight/initial fresh weight) cultured in 10 mM MVA medium was less (54%) than that of MVA-free control at the initial stage of the culture (1-21 days). However, there were no effects of MVA on the growth of the callus tissues after the following subcultures.
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TLC of the total lipids from the larch calli cultured with or without MVA always revealed the presence of AS, FS and two glycosylsterols (SG and ASG). The total sterol content in the calli grown without exogenous MVA and harvested at 42 days after start of culture was 2.06 mg/g dry calli; the ratio of FS, AS, and SG (including ASG) was 1.0:0.1:0.8. When the tissues were cultured in the medium containing 10 mM MVA, the total sterol contents doubled, compared with those cultured without MVA ( ). Although the contents of FS and glycosylsterols (1.0 and 0.8 mg/g dry calli, respectively) were not affected by MVA (0.7 and 0.6 mg/g dry calli, respectively), there was a remarkable difference on the contents of AS between the tissues cultured with and without MVA (1.8 and 0.1 mg/g dry calli, respectively). Thus, the increase of the total sterol level by MVA was shown to be attributed to AS. When MVA was added to the medium in 20 mM, the contents of sterol lipids in the callus tissues was roughly the same as that in 10 mM ( ). When the changes in sterol lipid contents during growth of the calli were analyzed ( ), the addition of MVA to the medium induced the decrease of FS in the three days. The decrease of FS may be resulted from the lesser growth of the calli at the initial stage of the culture, compared with those cultured without MVA. The contents of FS were gradually increased to the level of the control (without MVA) within 42 days. The contents of AS were in constant in the control medium throughout the culture. On the other hand, AS content in the callus cultured in the MVA medium was increased dramatically with the time of culture (10 fold); this tendency was repeatedly observed in the following subcultures. However, AS contents were decreased (64%) at the late stage of every three weeks subculture, probably due to the consumption of MVA in the medium. When the tissues were transferred from the MVA medium to the control medium at 42 days ( ), AS contents decreased to the level of the control calli. This result
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would suggest that AS stored in the calli was preferentially hydrolyzed to FS to use for the growth.
Dyas et al. 10) found that the AS content was higher than FS throughout the growth cycle of a cell suspension culture of celery. However, it is still unclear whether this phenomenon is a common feature of the plant cell suspension cultures or a characteristic for celery plant. In the larch calli cultured without exogenous MVA, FS was the principal sterol lipid during the culture. In the presence of MVA the amount of AS, but not FS, was increased considerably. Wilkinson et al. 11) reported that the administration of excess exogenous MVA caused the increase in the AS content, although there was little effect on the FS content, that is consistent with the present results. These would show that supplement of MVA induces the increase of AS level in both gymnosperms and angiosperms.
Two glycosylsterols (SG and ASG) have been suggested to serve as membrane lipids 15) . In this study we found that the polar sterol lipids and FS were maintained in the constant amounts in Larix calli, even when the sterol biosynthesis was enhanced by the administration of MVA. The results would indicate that these sterol lipids, but not AS, have the structural function of membranes. Kemp et al. 2) suggested that FS in maize seedlings during germination have a structural function in membranes. On the other hand, AS in the larch calli should be taken a part of storage of sterol, when excess FS, which has the structure function, was biosynthesized by certain factors such as the presence of exogenous MVA.
3
The sterol composition of Larix calli was also analyzed ( ). Sitosterol and campesterol were detected; the former (90~100%) being always predominant in each lipid class from the tissues cultured with and without exoge-
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J. Oleo Sci. 56, (1) 25-28 (2007) nous MVA. In the calli grown under the MVA-free medium the proportion of sitosterol was more than 98%, whereas the calli cultured with MVA had slightly less in sitosterol with 2~11% of campesterol. Moreover, there were no differences on sterol compositions through time of culture (data not shown). Wilkinson et al. 11) reported that the proportion of 4, 4-dimethylsterols in the AS fraction of MVA-treated cell increased, while the proportions of 4-monomethylsterols and 4-desmethylsterols in these cells were lower than those of control cells. In the present study the precursor sterols, 4, 4-dimethyl-and 4-monomethylsterols were not examined. They have also suggested that AS could act as a means of storage for excess amounts of precursor sterols, particularly cycloartenol 11) . It would be, therefore, important to elucidate the compositions and contents of 4, 4-dimethyl and 4-monomethylsterols of the larch calli.
In conclusion, the present study using the larch calli have demonstrated that large amounts of esterified 4-desmethylsterols, AS, were accumulated in the tissues when excess exogenous MVA was added to the culture medium. The levels of free 4-desmethylsterols and polar sterol lipids, which constitute membranes, in the calli were not affected by exogenous MVA. These results would indicate that the excess FS biosynthesized within cells of gymnosperm plants is converted to AS for the storage of sterol constituents.
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